gain of SHAM sensitivity by cotyledons. Concomitant with this increased sensitivity to SHAM, 02 uptake by cotyledonary tissues lost some sensitivity to KCN. Red light-stimulated metabolic processes leading to germination were blocked more effectively by SHAM than by KCN, but 02 consumption by both dormant and nondormant seeds was much less sensitive to 10 millimolar SHAM than to the same concentration of KCN. This apparent contradiction between effects of SHAM on potentiation and 02 uptake may be a result of: (a) compensatory electron flow through the cytochrome pathway at the expense of the alternate pathway; (b) a functional site of action of SHAM that differs from the organized, energycoupled respiratory system; or (c) a combination of these possibilities.
Potentiation of germination (release from dormancy) in lettuce (Lactuca sativa L.) seeds of the 'Grand Rapids' type is stimulated by an unidentified action of Pfr (4, 5) , as well as continuous low temperature (22) , temperature alteration (27), seed coat puncture (12) , high 02 tension (6) , ethylene (1), gibberellin (10) , or kinetin synergistic with limiting red light (1 1). Evenari et al. (7) observed a gradual increase of 20 to 30%o in pregermination seed respiration after a brief R4 treatment, whereas Leopold and Guernsey (13) reported a sudden respiratory upsurge of 660%o 1.5 hr after beginning continuous exposure to R. More recently, Woodstock and Toole (29) reported that lettuce seed respiration was stimulated by GA3 + kinetin as well as by R prior to germination, and ABA prevented the stimulation due to R or to GA3 + kinetin. Such findings suggest that a respiratory block may be involved in maintaining seed dormancy. Roberts (19) proposed that specific activation of the pentose-P pathway is necessary for early stages of seed development leading to germination. This view is supported by accumulation to high levels of glucose-6-P dehydrogenase in lettuce seeds prior to germination (15) , and by massive conversion of NAD to NADP in the first 10 to 30 min of imbibition in seeds of Arachis hypogea L. and Phaseolus aureus Roxb. (17) .
A curious, related observation was that low concentrations of the respiratory inhibitor CN-have been found to stimulate seed germination (28) . Roberts (20) suggested that this action of CNinvolved poisoning living cells of the seed coat, thereby allowing more 02 to diffuse to internal tissues. CN-also may have eliminated competition for limited internal 02 between CN--sensitive and CN--insensitive (alternate) electron transport pathways of mitochondria. Alternate respiration has been documented in many plant parts, including seeds (8, 16, 23) . Since the 02 affinity of the unknown alternate oxidase apparently is lower than that of Cyt oxidase (2, 14, 23) , stimulation of germination by CN-may be due to improved availability of 02 to the alternate oxidase. Yentur and Leopold (30) found seed germination in a number of species to be retarded by SHAM, an inhibitor of alternate respiration. In fact, substituted hydroxamic acids, in particular benzhydroxamic acids, have been shown to be specific inhibitors of the alternate respiratory pathway which do not affect Cyt oxidase (3, 21) . Likewise, CN-does not affect the activity of alternate oxidase, and may even stimulate tissue respiration rates by diverting electron flux through the alternate path at an enhanced rate (24, 25 Seed Section Studies. Intact seeds were stimulated by R to different stages of germination potential in Petri dishes. Incubations were terminated by FR followed by transfer of seeds to dry filter paper, where they were allowed to dehydrate in darkness for 48 hr. Redried seeds were individually sectioned with a razor blade under dim roomlight by making a transverse cut about 1 mm from the micropylar end of each seed (averaging 3.3 mm in length), so that the micropylar sections (hereafter referred to as "axial" sections) contained essentially all of the embryonic axis tissue, while the remaining seed tissues were referred to as "cotyledonary" sections. Fresh, dry seeds rather than dehydrated "dark controls" were used as a source of "dormant" seed sections because preliminary studies indicated a hydration-dehydration-rehydration cycle itself induced significant germination in darkness. Sections were rehydrated under safelight conditions directly in respirometer flasks, and respiration measurements begun 1 hr after wetting.
Data after 38 hr and 6 days, respectively, in 10 mm SHAM (data not included).
Potentiation of germination progressed in a sigmoidal pattern (Fig. 2) , with a 1 to 2 hr lag phase following R during which FR could almost completely reverse the R effect. Escape from FR reversibility occurred rapidly following the lag period, and was essentially complete within 8 hr. Specific potentiation times such as 1, 3, and 7 hr were chosen to represent weak, moderate, and strong germination potentials, respectively.
The effectiveness of inhibitors to delay germination at different stages of potentiation was tested by introducing test solutions at representative stages, incubating for 8 hr, washing out solutions with H20, and measuring rate of germination recovery (Fig. 3) .
Penetration of inhibitors was not likely a limiting factor in this case because of the potent inhibitory action of SHAM on germination ( Fig. 1 ) and the demonstrated effectiveness of KCN as an 02 consumption inhibitor (Table I ). Both inhibitors delayed germination relative to H20 controls at all stages of potentiation, but recovery was always much more rapid from KCN pretreatment than from SHAM (Fig. 4) . SHAM was most effective with weakly or moderately potentiated seeds, but much less effective with 0oo- Protocol for testing effects of respiratory inhibitors on lettuce seed germination when inhibitors were introduced at variable stages of potentiation. All seeds received FR 1 hr after beginning hydration, and R was given on a staggered schedule ranging from immediately after FR to 4 or 6 hr later. All treatments then received an additional FR dose 8 hr after wetting, were transferred to test solutions consisting of either H20, 10 mm SHAM, 10 mm KCN, or 10 mM each SHAM + KCN for an 8-hr incubation, washed with and returned to H20, and scored for germination under safelight at 20, 24, and 28 hr after initial wetting. strongly potentiated seeds. KCN in combination with SHAM surprisingly negated the SHAM effect on germination, and seeds so treated responded as those treated with KCN alone.
Inasmuch as seed germination was completely suppressed by continuous exposure to 10 mm SHAM, and short term treatment with the same inhibitor had variable effects on germination rates, depending on the stage of potentiation at which it was introduced, we investigated effects of continuous exposure to lower SHAM concentrations on potentiation rate (Fig. 5 ). SHAM at 3 mm unexpectedly stimulated potentiation, even if R was followed immediately by FR. It also hastened the attainment of complete potentiation by at least 2 hr. However, 6 .6 or 8 mm SHAM partially suppressed germination scored at 24 hr.
Changes in 02 consumption rate (Qo2) associated wtih progressive increases in germination potential are shown in Figure 6 . Fully imbibed seeds displayed: (a) a transitory upsurge of Qo2 within 30 min after R illumination; (b) a second burst of Qo2 during the period of most rapid escape from FR reversibility; and (c) a gradual rise in Qo2 during approach to full potentiation which was 23% greater than that of dormant seed. It is noteworthy that the initial respiratory upsurge preceded any substantial increase in germination potential by 1 to 2 hr (cf. Fig. 2 ).
Sensitivity of respiration to inhibitors atio was compared for unpotentiated (dormant) and strongly potentiated (nondormant) seeds, as well as seeds "transitional" between the two states (Table  I) . Preliminary germination studies confirmed the physiological states of seeds prepared under conditions identical to those used for respiration studies. Unpotentiated seeds lacked significant Seeds were imbibed directly in respirometer flasks, given FR light after 1 hr, and incubated for 8 hr in darkness. "Dormant controls" then received a second FR dose while "strongly potentiated" treatments received R, and both were incubated an additional 8 hr in darkness. A "transitional" treatment received FR at the same times as the control, but also a R treatment 5 hr after the second FR, so that it had potentiated a total of 3 sensitivity to SHAM, although complete potentiation resulted in a small but statistically significant inhibition of Qo2 by SHAM. Sensitivity to KCN also increased 17% (relative to H20 controls) as a result of potentiation. Although relative sensitivity to SHAM + KCN did not change with potentiation, the combination reduced Qo2 of dormant seeds 53% more than if their separate effects had been additive, and that of nondormant seeds 25% more. Cotyledonary sections from dormant seeds also exhibited no significant sensitivity to SHAM, although those from nondormant seeds gained 14% in relative inhibition by SHAM (Table  II) . Sections from seeds at all physiological stages were substantially more sensitive to KCN than were intact seeds, but in contrast to intact seeds, sensitivity of cotyledonary sections to KCN decreased 10%7o as a result of potentiation. This gradual decrease was attended by a concomitant 10%1o increase in sensitivity to combined inhibitors. In contrast to intact seeds and cotyledonary sections, axial sections prepared from dormant seeds exhibited a small but definite (15%) inhibition of Qo2 by SHAM (Table III) 
DISCUSSION
The relative sensitivity of germination and respiration to inhibitors of alternate and Cyt oxidase presents an apparent paradox.
Although SHAM at 10 mm is a potent germination inhibitor (Figs.   1, 4, and 5) , it only marginally affects 02 uptake (Table I, II, and  III) . In contrast, KCN at 10 mm only slightly retards germination ( Fig. 1 and 4) , while substantially suppressing O2 consumption (Tables I, II Negation of SHAM-inhibited germination by the simultaneous presence of KCN (Fig. 4) also represents an apparent contradiction because of the strong inhibition of Qo2 obtained with combined inhibitors (Table I) . Although a direct reaction between KCN and SHAM has not been ruled out, the continued effectiveness of the combination in respiratory inhibition suggests this function is not impaired. A certain amount of "site protection" by CN-from 
